(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteUectual Property 
Organization 
International Bureau 

(43) International Publication Date 
13 May 2004 (13.05.2004) 




PCT 



(10) Intemational Publication Number. 

wo 2004/040187 Al 



(51) International Patent Classification^: 
F02M 55/04, 69/46 

(21) Intemational Application Number: 



F16L 55/05. 



PCT/US2003/027153 
(22) InternaUonal Filing Date: 27 August 2003 (27.08.2003) 

(25) Filing Language: English 

(26) Publication language: English 



(30) Priority Data: 
10/280,605 



25 October 2002 (25.10.2002) US 



(71) Applicant (for all designated States except US): DANA 
CORPORATION [US/US] ; 4500 Dorr Street, Toledo, OH 
43697 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): KALTSOUNIS, 
Nicholas, O. [US/US]; 3708 Hazelton, Rochester Hills, 
MI 48307 (US). DARRAH, Matthew [US/US]; 3225 



Ferris Avenue, Royal Oak, MI 48073 (US). O'ROUKE, 
Michael [USAJS]; 470 Elm Hill, Rochester Hills. MI 
48306 (US). CORTESE, Mary [US/US]; 1405 South 
Boulevard. Troy. MI 48098 (US). 

(74) Agents: STEWART, Michael, B. et al.; Rader, Fishman 
& Grauer PLLC, 39533 Woodward Avenue, Suite 140, 
Bloomfield Hills, MI 48304 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP. KR. KZ, LC, 
LK. LR. LS, LT, LU, LV, MA, MD, MO, MK. MN, MW. 
MX, MZ, Nl, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, 
SD, SE, SG, SK. SL, SY. TJ, TM, TN. TR. TT, TZ, UA. 
UG, US. UZ, VC, VN, YU, ZA. ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH. GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, n, FR, GB, GR, HU, IE, TT, LU, MC, NL. PT, RO, 

[ Continued on next page J 



(54) TiUe: SELF-DAMPENING VESSEL 



-10 



00 




(57) Abstract: A self-dampening vessel (10) is disclosed for use with any fluid system. The vessel receives a fluid and encounters 
pressure pulsations, flow distribution problems, noises and/or vibrations from changes in the fluid pressure. To combat these unde- 
sired effects without the use of a separate damper, the vessel comprises a tubular member having opposing sides (14) and opposing 
ends (16). The sides of the tubular member may vary in shape, but the sides are typically connected by rounded ends. When sub- 
jected to pressure changes, the tubular member (10) adapts and expands or retracts from a neutral position. Furthermore, the ends of 
the tubular member may include an opening with an endcap (18) attached to cover the opening.(20) The endcap includes a port (26) 
for mating the vessel to a fluid source. Alternative, the ends may be sealed and an outer surface of the tubular member may include 
the port integrally. 
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SELF-DAMPENING VESSEL 
Technical Field 

[0001] The present invention lelates to a vessel for encapsulating a fluid and in particular 
to a vessel that is self-dampening by adjusting to pressure variations of the fluid by 
5 expanding or retracting from a neutral position. 

Bacl^roimd of the Invention 

[0002] Various types of fluid vessels are typically utilized in automotive applications. 
One such application is with regard to fuel injector tubing typically having a round cross- 
section. The tubing encapsulates fuel and transfers the fuel from the fuel tank to the fuel 
10 injector. The fuel injector includes a valve that controls the flow of fuel from the tubing to 
the cylinder or air intake manifold. Repetitive closure of the valve generates pressure waves 
that resonate through the tubing causing pressure pulsations and undesirable noises,, 
vibrations and harshness (NVH) in the tubing. The pressure waves resonate back through the 
fuel lines and generate a buzzing noise when contacting other portions of the. engine chassis. 

15 [0003] To reduce the effects of the pressure waves and changes, dampers are routinely 
implemented integrally into the tubing. The damper is typically a gas-filled member or an 
external spring-loaded diaphragm encapsulated by the fuel injector tubing to help balance the 
effects of the pressure waves and prevent NVH and pressure pulsations in the tubing. 
Although the use of an independent damper implemented integrally into the fuel injector 

20 tubing combats the effects of pressure changes relatively well, manufacturers today are 
looking for easier and more cost effective ways to solve the problems of NVH and pressure 
pulsations. Furthermore, these same problems occur in a variety of automotive and non- 
automotive applications. For automotive applications, some specific examples requiring the 
use of a damper include vessels for encapsulating transmission fluid, oil, power steering fluid, 

25 brake fluid, engine coolant, air and exhaust gases. 

Sununary of the Invention 
[0004] The inventors of the present invention have recognized various problems 
associated with vessels for encapsulating fluids. To this end, the inventors have developed a 
30 self-dampening vessel that eliminates an independent damper. 
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[0005] Specifically, the invention is a self-dampening vessel for encapsulating a fluid 
comprising a tubular member having opposing sides and opposing ends. The opposing sides 
are made of an elastic material that is capable of expanding radially outwardly from a neutral 
position to an expanded position or retracting radially inwardly from the neutral position to a 
5 retmcted position in response to pressure changes of the fluid within the vessel. 

Brief Description of the Drawings 
[00061 The present invention will now be described, by way of example, wifli reference 
to the accompanying drawings, in which: 

10 [0007] Figure 1 is a perspective view of the invention in a neutral position; 

[0008] Figure 2 is a perspective view of the invention in an expanded position; 

[0009] Figure 3 is a perspective view of the invention in a retracted position; 

[0010] Figure 4 is an exploded view of the invention having a cap; 

[0011] Figure 5 is a perspective view of the invention assembled with the cap; 

15 [0012] Figure 6 is a perspective view of the invention including a port on the outer 
surface; 

[0013] Figure 7 is a perspective view of a second embodiment of the invention in tibe 
neutral position; . * 

[0014] Figure 8 is a perspective view of the second embodiment of the invention in the 
20 expanded position; ' 

[0015] Figure 9 is a perspective view of the second embodiment of the invention in the 
retracted position; 

[0016] Figure 10 is an exploded view of the second embodiment of the invention having 
a cap; 

25 [0017] Figure 11 is a perspective view of the second embodiment of the invention 
assembled with the cap; and 

[0018] Figure 12 is a perspective view pf the second embodiment of the invention 
including a port on the outer sur&ce. 
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Descr^tion of flie Preferred Embodiment 
[0019] Referring to the drawings, a self-dampening vessel is generally shown at 10 for 
encapsulating a fluid such as fuel. Vessel 10 includes a tubular member 12 having two . 
opposing sides 14 and two opposing ends 16. As noted in the figures, adjacent to each 

5 opposing end 16 is a first height, HI and a second height, H2. A third heigjht, H3, is 
generally spaced between each opposing end 16 and generally near the center of tubular 
member 12. As best seen m Figure 1, a first embodiment of tiie present invention includes 
generally flattened sides 14 and in a neutral position third height, H3, is generally equal to 
first height, HI, and second hei^t, H2. Alternatively, a second embodiment, as best seen in 

10 Figure 7, has generally concave sides 14 and third height, H3, is less than first height, HI, 
and second height, H2, in the neutral position. The embodiments illustrated include first 
height, H 1, generally equal to second height, H2. However, first height, H 1, and second 
height, H2, may be dissimilar. Vessel 10 is functional and self-dampening regardless of the 
values of first height, HI , and second height, H2. 

15 [00201 Sides 1 4 and ends 16 of tubular member 1 2 are made from an elastic material 
capable of flexing radially outward and inward regardless of the wall thickness of tubular 
member 12. Such elastic materials include plastic, rubber, aluminum, stainless steel or any 
other elastic metals. Changes in pressure of the fluid encapsulated by vessel 10 and the 
creation of pressure waves traditionally results in pressure pulsations, noises, flow 

20 distribution problems and/or vibrations. Instead of incorporating a separate damper, vessel 
1 0 is self-dampening and adjusts itself in response to pressure changes. 

[0021] As shown in Figures 2-3, in the first embodiment flattened sides 14 expand and 
retract while ends 16 remain generally constant. Specifically, in Figure 2, sides 14 expand 
radially outwardly to an expanded position causing third height, H3, to become greater than 

25 either first height, HI, or second height, H2. While ends 16 generally remain constant, minor 
expansion may occur. The expansion of ends 16, however, is not a significant amount of 
expansion and first height, HI, and second height, H2, would remain generally the same as 
when vessel 10 is in the neutral position. Additionally, flattened sides 14 may respond to the 
pressure waves by retracting radially inwardly to a retracted position, as best seen in Figure 3. 

30 Accordingly, third height, H3, becomes less than at least first height, HI, or second height, 
H2, when vessel 10 is in the retracted position. Again, the ends remain generally constant, 
but may experience a minor amount of retraction. 
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[0022] A further embodiment (not shown) also within the scope of the present invention 
includes both sides 14 and ends 16 expanding and retracting. Accordingly, third height, H3, 
would remain generally equal to first height, HI, and second height, H2, when in the 
resulting expanded or retracted positions. 

5 [0023] As shown in Figures 8-9, in the second embodiment concave sides 14 and ends 16 
expand and retract. Specifically, in Figure 8, sides 14 and ends 16 expand radially outwardly 
to an expanded position, however, the third height, H3, remains less than the first height, HI, 
and second height, H2. Additionally, sides 14 and ends 16 may respond to the pressure 
waves by retracting radially inwardly to a retraced position as best seen in Figure 9, Again, 

10 the third height, H3, remains less than the first height, HI, and second height, H2, when 
vessel 10 is in the retracted position. Throughout any expansion or retraction of vessel 10, 
tubular member 12 maintains its original shape with two ends 16 connected by concave sides 
14 and having third height, H3, less than first height, HI, and second height, H2. 

[0024] The expansion or retraction of sides 14 and change in shape of tubular member 12 
15 absorbs internal pressure changes of the encapsulated fluid to combat ttie negative effects of 
pressure changes within vessel 10. To fiirdier improve the self-dampening feature of the 
present invention, vessel 10 may be manufactured with a variety of heights, widths and wall 
thicknesses to accommodate specific package or pulsation requirements. 

[0025] Ends 16 of tubular member 12 are generally rounded and allow for a structurally 
20 improved and easier to manufacture viessel 10. Rounded ends 16 allow for less fatigue in 
tubular member 12 when flexed inward or outward. Traditional vessels (not shown) are 
rectangular in cross-section with a high stress concentration at the comers. Rounded ends 16 
reduce the stress concentration and preserve the structure of vessel 10 during the repetitive 
changes in shape of tubular member 12. Furthermore, rounded ends 16 aid manufacturing by 
25 easily adapting to a variety of manufacturing techniques for attaching accessories to vessel 
10. Such techniques include bra2dng, welding, piercing and forming, and allow use of saddle- 
type joints. 

[0026] One such accessory attached to vessel 10 is a cap 18 as best seen in Figures 4, 5, 
10 and 11. Tubular member 12 includes an opening 20 at each end. Opening 20 extends 
30 through tubular member 12 and receives the fluid such as fuel. Fixedly attached to tubular 
member 12 is cap 18 to cover opening 20. Cap 18 is shaped to coincide with the shape of 
tubular member 12. As shown, cap 18 may include a plug 22 that is received m opening 20 
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and a lip 24 fliat suiroimds an outer surface 28 of tubular member 20. However, any 
technique for locating and attaching cap 18 to tubular member is also acceptable. 
Furthermore, vessel 10 may include openings 20 and caps 18 at both ends or, alternatively, 
only at one end of tubular member 12. In accordance with the present invention any 
5 alternative style of cap 18 would also be acceptable, including inner diameter or laser-weld 
style caps, and spin-weld closure of fho tube. 

[0027] Gap 18 further includes a port 26 extending though to opening 20 of tubular 
member 12. Port 26 may be of any shape or design to accommodate a specific application 
and mate properly to a fluid source. Port 26 permits the transfer of fluid in and out of tubular 
10 member 12. 

[0028] An alternative to, or in addition to, the use of caps 18 is the use of an integral port 
26 on outer surface 28 of tubular member 12. To accommodate a specific application and 
permit vessel 10 to receive fluid, port 26 is integral wifli outer surface 28. This alternative 
embodiment is best seen in Figures 6 and 12. As with cap 18, vessel 10 may include integral 
15 ports 26 at both ends or, alternatively, only at one end b f tubular m ember 12. A further 
embodiment includes opening 20 and cap 18 at one end of tubular member 12 while integral 
port 26 is at the opposite end of tubular member 12. Finally, port 26, as shown in the figures, 
may also be located anywhere along tubular member 12. 

[0029] It should be understood that the aforementioned and other various alternatives to 
20 the embodiments of the . invention described herein, including combinations of the 
embodiments herein, may be employed in practicing (he invention. It is intended tiiat the 
following claims define the scope of the invention and that the method and apparatus within 
the scope of these claims and their equivalents be covered thereby. 
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Qaims 

What is claimed is: 

1 . A self-dampening vessel for encapsulating a fluid comprising: 

a tubular member having opposing sides and opposing ends; and 
at least said opposing sides being an elastic material capable of expanding radially 
outwardly &om a neutral position to an expanded position or retracting radially inwardly 
from said neutral position to a retracted position in response to pressure changes of the 
fluid within the vessel. 

2. A vessel, as in claim 1, wherein said tubular member includes a first height and a 
second height adjacent each of said opposing ends and a third height generally 
spaced between each of said opposing ends. 

3. A vessel, as in claim 2, wherein said first height and said second height are 
generally equal. 

4. A vessel, as in claim 2, wherein said first height and said second height are 
generally dissimilar. 

5. A vessel, as in claim 3, whereia said tiiird height is generally equal to said first 
height and said second height in said neutral position. 

6. A vessel, as in claim 2, wherein said first height and said second height are 
generally constant and said third height is adjustable. 

7. A vessel, as in claim 2, wherein said third height is greater than at least said first 
height or said second heigjit when said opposing sides are expanded radially 
outwardly from said neutral position to said expanded position. 

8. A vessel, as in claim 2, wherein said third height is less tiian at least said first 
height or said second height when said opposing sides are retracted radially 
inwardly from said neutral position to said retracted position. 
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9. A vessel, as in claim 2, wherein said first height, said second height and said third 
height are adjustable. 

10. A vessel, as in claim 2, wherein said third height is less than said first height and 
said second height 

11. A vessel, as m claun 10, wherein said first height, said second height and said 
third height increase when said opposing sides are expanded radially outwardly 
firom said neutral position to said expanded position and said third height remains 
less than said first height and said second height when in said expanded position. 

12. A vessel, as in claim 1 0, wherein said first height, said second height and said 
third height reduce when said opposing sides are retracted radially inwardly &om 
said neutral position to said retracted position and said third height remains less 
dian said first height and said second height when in said retracted position. 

13. A vessel, as in claim 1 , wherein said opposuig ends are generally rounded and are 
made firom an elastic material. 

14. A vessel, as in claun 1, wherein said tubular member fiirfher includes at least one 
opening and at least one cap fixedly attached to said tubular member and covering 
said at least one opening. 

15. A vessel, as in claim 14, wherem said at least one cap includes a port for 
transferring fluids to and firom said tubular member. 

16. A vessel, as in claim 1 , wherein said tubular member further includes an outer 
surface havmg a port for transferring fluids to and firom said tubular member. 
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17. A self-dampening vessel for encapsulating a fluid comprising: 

a tubular member including two generally flattened sides connected by two 
generally rounded ends; 
5 a generally fixed first height and second height adjacent each of said opposing 

ends and an adjustable third height generally spaced between each of said opposing ends 
wherein said first and second heights are generally equal and said third height is 
generally equal to said first height and said second height in a neutral position; and 

said flattened sides being an elastic material capable of expanding radially 
10 outwardly from a neutral position to an expanded position wherein said third height is 

greater than said first height and said second height or retracting radially inwardly fix)m 
said neutral position to a retracted position wherein said third height is less than said first 
height and said second height. 

18. A vessel, as in claim 17, wherein said tubular member fiuiher includes at least one 
opening and at least one cap fixedly attached to said tubular member and covering 
said at least one opening. 

19. A vessel, as in claim 1 8, wherein said at least one cap fiirther includes a port for 
transferring fluids to and bom said tubular member. 

20. A vessel, as in claim 17, wherein said tubular member further includes an outer 
surface having a port for transferring fluids to and from said tubular member. 
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21 . A self-dampeBing vessel for encapsulating a fluid comprising: 

a tubular inember including two generally concave sides comected by two 
generally rounded ends; 
5 an adjustable first height and second height adjacent each of said rounded ends 

and an adjustable third height generally ispaced between each of said rounded ends 
wheiein said first and second heights are generally equal and said third height is less than 
said first height and said second height in a neutral position; and 

said concave sides and rounded ends being an elastic material capable of 
10 expanding radially outwardly from said neutral position to an expanded position or 

retracting radially inwardly from said neutral position to a retracted position in response 
to pressure changes of the fluid within the vessel, wherein said third height remains less 
than said first height and said second heigjit in both said expanded position and said 
retracted position. 

22. A vessel, as in claim 21 , wherein said tubular member further includes at least one 
opening and at least one cap fixedly attached to said tubular member and covering 
said at least one opening. 

23 . A vessel, as in clahn 22, wherein said at least one cap further includes a port for 
transferring fluids to and from said tubular member. 

24. A vessel, as in claim 21, wherein said tubular member further includes an outer 
surface having a port for transferring fluids to and from said tubular member. 
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